Oxidation of adamantanes by oxygen was effectively achieved by use of sodium nitrite as a catalyst in trifluoroacetic acid (TFA) to give 1-adamantyl trifluoroacetates, from which adamantanols were obtained in good yields. A catalytic amount of sodium nitrite was essential and TFA was the best solvent among solvents examined for this oxidation.
Oxidation of adamantane (1a) to 1-adamantanol (3a) has continued to attract much interest because of a versatility of 3a in material sciences. 1 Among a variety of methods for the transformation of 1a to 3a or its derivatives, 2 8 and V(IV)-polyoxometalate/O 2 . 9 However, those reported methods give 3a in low yields and require some metal ion or organic halide catalyst under drastic conditions. We report herein an efficient method for oxidation of adamantanes 1a-c to 1-adamantanols 3a-c using a catalytic amount of easily available sodium nitrite (NaNO 2 ) with molecular oxygen (Scheme 1). In order to give some insight into the reaction mechanism, oxidation of 1a-c was carried out under a variety of reaction conditions (Entries 1, 2, 6-17 in Table 1 ).
The results indicated that three kinds of factors were critical for the oxidation of 1a-c to 3a-c. First one is the effect of NaNO 2 as a catalyst on the yield of 3a. That is, the absence of NaNO 2 didn't cause any oxidation of 1a (Entry 1) but only 1mol% of NaNO 2 was enough for the completion of the oxidation of 1a (Entry 2). NOBF 4 10 was usable in placement of NaNO 2 (Entry 6), whereas NaNO 3 didn't cause any oxidation of 1a (Entry 7). The second one was an oxygen effect. The reactions in Entries 1-7 were carried out under an oxygen atmosphere (1 atm) or an aerobic condition where satisfactory results were obtained when NaNO 2 was used as a catalyst (Entries 2-5, 8). However, the yield of 3a was narrowly 10% under a nitrogen atmosphere even if 0.2 equiv of NaNO 2 was used (Entry 9). Another noticeable point was that the yields of 3a were dependent on the amount of NaNO 2 (46% for 1 equiv of NaNO 2 ; Entry 10, and 92% for 2 equiv of NaNO 2 ; Entry 11 Further information for the mechanism was speculated on the basis of the ratios of the oxidation products in competitive oxidation reactions between 1a, 1b, and 1c by NaNO 2 and by electrochemical method, 2m which has been known to initiate the oxidation of 1a with electron transfer (Scheme 2). The results are summarized in Table  2 On the basis of those results, we propose that NO works as a hydrogen abstractor from 1a to afford adamantyl radical as an intermediate (Scheme 5) 12 since it has been reported that active species from NaNO 2 in TFA for aromatic nitration include NO as shown in Scheme 6, 13 and NO has been known to oxidize dihydropyridine with a hydrogen abstraction mechanism. 14 This proposed mechanism can be supported by the facts that the competitive reactions between 1a-c depended on the number of bridgehead hydrogens of 1a-c, and that 1 equiv of TEMPO completely retarded the oxidation of 1a by O 2 /NaNO 2 . On the other hand, electrochemical oxidation of 1a was not affected by TEMPO since it proceeded with electron transfer mechanism. LETTER Template for SYNLETT and SYNTHESIS © Thieme Stuttgart · New York 2008-04-01 page 3 of 5 NO may also work to oxidize adamantyl radical to adamantyl cation and it can be regenerated by oxygen since 2 equiv of NaNO 2 was necessary to complete the oxidation of 1a under a nitrogen atmosphere. 1b (R 1 =H, R 2 =Me /1c (R 1 = R 2 =Me) 3/2 (1.5) Electrochemical Oxidation 3b/3c 1.1 a The reaction was carried out by stirring a solution of substrates (each 0.5 mmol) and NaNO 2 (0.5 mmol) in a mixture of TFA (5 mL) and dichloromethane (3 mL) at r.t. under a nitrogen atmosphere for 3h. b 1F/mol of electricity was passed through a solution of substrates (each 0.5 mmol) and Et 4 NBF 4 (1.0 mmol) in a mixture of TFA (5 mL) and dichloromethane (5 mL The method presented herein is very promising from a practical viewpoint for oxidation of adamantanes since the reaction conditions are mild, the yields of 3a-c are high, sodium nitrite is an economically available reagent, and most of TFA can be recovered, 15 though the solvent effect can not be explained at present. Further application of this method to other organic compounds than adamantanes is now under investigation.
